The GFAC (French Association for residual stress analysis) decided in 2007 to work on external reference samples for residual stress analysis by X-ray diffraction as defined in the XPA 09-285 and EN 15305-2009 standards. Seven materials are studied: ferritic steel, martensitic steel, aluminium alloy, titanium alloy, 2 types of Nickel-Chromium alloy and tungsten thin layers deposited on silicon wafers. The purpose of this external round robin campaign is threefold: (i) to give Materials Science Forum Online: 2011-03-28 ISSN: 1662-9752, Vol. 681, pp 215-222 doi:10.4028/www.scientific.net/MSF.681.215 © 2011 possibilities for each laboratory involved in the campaign test to obtain external reference samples for each material tested, (ii) to validate a common procedure for qualification of external samples and (iii) to commercialise validated external reference samples through the GFAC association. A common approach of X-Ray diffraction parameters, samples geometry and standard procedure has been chosen and adopted by each laboratory involved in these tests. No indication in terms of residual stress calculation method is given; the choice of the method (centroid, middle point, maximum of peak, fitting…) is the choice of the laboratory according to their X-ray diffraction setups, softwares and experience. Once all samples are analysed, values given by each laboratory are compared and analysed.
Introduction
The French Association for residual stress analysis (GFAC) is an association affiliated to the French scientific society for metallurgy and materials (SF2M). It is quite naturally positioned at the junction between materials and mechanics. French academic and industrial laboratories that use different methods for residual stress analysis such as x-ray diffraction, hole drilling method, or magnetic and ultrasonic methods..., can join this association:
-Standardization activities, which lead to the first French experimental procedure for residual stress analysis by X-ray diffraction [1] , -Comparison of laboratories practices, with a first round-robin campaign between 1992 and 1995 [2] -Quality of measurements and elaboration of reference samples, -Annual meetings organised by members of the association, -Work-groups on various subject that meet 4 times a year. The number of active members is superior to 50 coming from automotive, aeronautic, energy industries, research centres or academic laboratories.
X-ray stress measurement is a common industrial and academic practice and the need of reliable results, independent of equipment, software and measurement method has been recognized for a long time. To tackle this question, several round-robin campaigns have been undertaken to estimate the discrepancies between laboratories [2] [3] [4] [5] . They helped to understand the sources of variations but were not aimed at constructing a metrological system based on certified reference specimens.
With this objective, the GFAC association constituted a first work group in 1997 which worked for 2 years to manufacture, measure and certify reference specimens according to French standard XPA 09-285 which was elaborated in parallel. The idea was to follow the methods developed for reference materials in the field of chemistry [6] [7] [8] [9] [10] . This work resulted in the certification of 4 types of specimens: shot-peened ferritic steel, shot-peened aluminium alloy, shot-peened titanium alloy and ground ferritic steel, with 15 specimens manufactured for each type [11] [12] . The intra and inter laboratory dispersions were considered low enough to pronounce certification. Furthermore, a detailed exploitation of experimental data with unique software led to even lower dispersion [13] . These results pushed to European group who wrote the EN 15305-2009 standard [14] , to introduce, under the impulse of the three French experts M. Francois, J.L. Lebrun and H. Michaud, the requirement of external reference samples.
Consequently, in 2008, a new workgroup of the GFAC association with 28 participants of industries and universities, which are the co-author of this paper, was created to work on external reference samples in relation with EN 15305-2009 standard [3] , for seven materials: ferritic steel, martensitic steel, aluminium alloy, titanium alloy, 2 types of Nickel-Chromium alloy, and tungsten thin films deposited on silicon substrates. The purpose of this paper is to present the first results of a roundrobin test organised within this group.
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The geometry of each sample has been fixed to 20x30x10 mm 3 and most of them have been shotpeened by Metal Improvement Company to obtain homogenous stress level on the samples surface. Spherical steel or ceramic shots were used with coverage superior to 100%. Six different goniometers (see Fig.1 ) are used in this study: PRECIX, SEIFERT XRD 3003 PTS, PROTO, SET-X, STRESSTECH or SIEMENS D5000.
Fig. 1 28 industrials and laboratories with 6 different goniometers

Test procedure
In relation with EN 15305-2009 standard, common X-ray diffraction parameters for each material are used (see A minimum of 13ψ tilt angles is chosen with a spot size inferior to 4mm at ψ = 0. No mask and no oscillation are used. The values of X-ray Elasticity Constants, ½S 2 and S 1 , are tabulated standard values. The scanning/counting time is not specified but standard deviation needs to be obtained between ±15 and ±25MPa as calculated with least squares residue or statistical counting error. As well, no indication in terms of residual stress calculation method is given; the choice of the method (centroid, middle point, maximum of peak, fitting…) is done by the laboratory according to their Xray diffraction system, software and experience.
Samples are named by one letter for each material, for example F for ferritic samples or M for martensitic samples and each laboratory is also identified by a letter. At the beginning of the campaign, the homogeneity is checked for 5 points with one sample of each material (see fig. 2 ) and then each sample is analysed once by the leader of the material group before round robin. Following recommendations of ISO 5735 standard [15] , an analysis network is then defined between all laboratories: each sample has to be analysed 3 times by a laboratory and by at least 3 laboratories which means that a given specimen is analysed at least 9 times. Each laboratory has seven samples grouped into sets of 3 samples to analyse which means a minimum of 21 X-ray diffraction analyses. Fig. 2 Five points used to test homogeneity on one sample Fig. 3 Example of analysis procedure
Results for martensitic steel samples
For martensitic steel samples, the results presented in Table 1 show the mean stress, the standard deviation and the dispersion for each sample calculated for 4 or 2 laboratories. The total mean stress is calculated and equal to -752MPa with a standard deviation of 58MPa and a dispersion of 262MPa. The minimum value is -620MPa whilst the maximum value is -882MPa. For example, in Fig. 4 , it may be seen graphically a large dispersion in the results and perhaps two populations. It may be noted that they do not use the same analysis system and as said previously the stress calculation is the choice of the operator. 
Sample number
Residual stress (MPa)
Fig. 4 Results for Martensitic steel samples
Mean Stress
Std dispersion M01  -744  56  164  M02  -733  59  178  Lot1  M03  -696  44  119  M07  -746  43  133  M08  -731  61  178  Lot3  M09  -698  58  159  M21  -708  52  154  M22  -711  39 Results for Nickel-Chromium alloy (Inconel 690) As previously mentioned, the same procedure is defined and a sample network attribution is randomly done among Nickel-Chromium alloy samples. Results are presented in Fig. 5 . It may be noted that two populations of results exist between laboratories C and D and others laboratories; however analyses carried out by laboratory C and other laboratories (except laboratory D which did not perform the measurements) on samples 6, 11, 15 lead to the same results. For the moment, no explanation may be found. For a given set of samples, some laboratories found also larger dispersions than others. X-ray diffraction peak and calculation methods should be investigate with a special care to explain these differences and dispersions. 
Results for Titanium alloy (TA6V)
The titanium alloy used in this study is a TA6V alloy. The first residual stress results for this material are presented in Figure 6 . It may be observed similar trends between laboratories X, V and W. Labs D and M present a large variation range but the dispersion is quite large and may be higher than 150MPa as for laboratory I.
Fig. 6 Results for Titanium alloy (TA6V)
Results for aluminium alloy (2024)
The aluminium alloy used in this study is 2024 alloy. Only homogeneity analysis has been carried out for this material. It is found a mean stress of -129MPa with a standard deviation of 7MPa, the minimum and maximum values being equal to -113 and -147MPa respectively. The analysis inside the concerned network is still in progress.
Conclusion
The purpose of this external round robin campaign organized by the GFAC working group was to give opportunities for each laboratory involved in this campaign test to obtain external reference samples for each tested materials. Such samples are required by the EN 15305-2009 standard and are used for calibration purpose, quality control of the X-ray diffraction equipments and easier the comparison between laboratories. The ultimate goal of this GFAC external references campaign is the creation of a common procedure for qualification of external samples and through the GFAC association the commercialisation of certified external reference samples.
For each material, the campaign continues. Once all samples will be tested, results will be analysed globally. As seen for all first results presented in this paper and in previous works [2, 12, 13] , the residual stress values vary as a function of residual stress calculation method and software used by each laboratory. That is why in a second step all data will be recomputed and reanalysed with an imposed stress calculation method and a same software called StressDiff © [16] . At the end of this round robin test, a certificate for each sample will be delivered.
